AbstrAct oBJecTIve: To study white blood cells count (WBc) in women suffering from Pcos and compare these results with age and BMI-matched healthy women. The specific aim of this study was to assess the possible correlations of WBc with the major components of Pcos, obesity, insulin resistance and hyperandrogenism. desIgN: Anthropometrical, metabolic and hormonal data were analyzed from 203 women with Pcos (NIH criteria) and 76 agematched controls. resUlTs: In the total population studied (N=279), WBc was significantly higher (P=0.003) in the Pcos group compared with age-matched healthy women and was positively correlated with BMI (r=0.461, p<0.001), total testosterone (r= 0.210, p<0.001), insulin (r=0.271, p<0.001), triglycerides (r=0.285, p<0.001), HoMA score (r=0.206, p=0.001), FAI (r=0.329, p<0.001) and negatively correlated with sHBg (r=-0.300, p<0.001) and Hdl (r= -0.222, p<0.001). due to the fact that WHr was only available in the group of Pcos women, the role of central adiposity is assessed only in this group. Multiple regression analysis in the Pcos group, including WHr, revealed BMI, sHBg and Tgl as the main predicting factors of WBc. Multinomial logistic regression analysis was also conducted and overweight/obesity was the sole independent risk factor for elevated WBc (higher tertile) (or:0.907 cI:0.85-0.96, p=0.002). After dividing the sample based on BMI in the lean subgroups, WBc did not differ significantly between Pcos and controls, while multiple regression analysis indicated sHBg as the main predicting factor of WBc. Finally, we picked out the group of overweight/obese (BMI ≥25 kg/m2) women with PCOS and conducted another classification based on HOMA score (HOMA-IR≤2: insulin-sensitive women, HOMA-IR>2: insulin-resistant women) in the group of overweight and obese women with Pcos separately. In overweight women with Pcos, WBc, although higher in the group of insulin-resistant, did not differ significantly between the two groups, while in the subcategory of overweight women WBc was significantly (p=0.02) higher HORMONES 2015, 14(1):91-100 
INTrodUcTIoN
Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in premenopausal women, with a prevalence of 6-9% according to NIH criteria, which rises to 15% according to the Rotterdam criteria. [1] [2] [3] [4] It is a heterogeneous disorder characterized by ovulatory dysfunction, clinical and biochemical hyperandrogenemia and polycystic ovaries and is associated with various metabolic abnormalities, including obesity, insulin resistance, metabolic syndrome, type 2 diabetes mellitus and dyslipidemia, thus increasing the lifelong risk for cardiovascular disease. 5, 6 While the pathogenesis of the syndrome remains uncertain, chronic low-grade inflammation is emerging as a new contributing factor, generatng new insights into the understanding of the syndrome.
Chronic low-grade inflammation has been demonstrated to promote atherosclerosis and create a favorable environment for atherothrombotic events. 7, 8 White blood cell count (WBC), CRP and others cytokines not only are involved in the process of atherosclerosis but have also been recognized as predictive markers of cardiovascular events. [9] [10] [11] Oxidative stress and endothelial dysfunction are also closely related to chronic inflammation and seem to play a key role in the development of atherosclerotic plaques. 12 Several experimental studies have disclosed the presence of subclinical inflammation in PCOS. Elevation of markers of chronic inflammation, such as WBC, CRP and IL-18, has been widely detected in women suffering from PCOS. [13] [14] [15] [16] As chronic inflammation is accompanied by endothelial inflammation, and consequently by endothelial dysfunction, concordant findings, with elevated levels of endothelin-1, plasminogen activator inhibitor-1 (PAI-1) and cellular adhesion molecules (CAMs), were also reported in women with PCOS. [17] [18] [19] [20] In addition to this, accumulating evidence supports the presence of oxidative stress and advanced glycation end-products (AGEs) in women with PCOS, implying the existence of a proatherogenic load in these women. 21, 22 Notably, increased serum AGES have been directly correlated with increased levels of endothelin-1 in women with PCOS. 19 However, it has not as yet been clarified whether these inflammatory processes are associated with PCOS per se or are consequences of metabolic and anthropometric abnormalities, such as obesity, central accumulation of fat and insulin resistance that are commonly observed in PCOS.
The aim of the present study was to investigate the leucocyte count, a marker of subclinical inflammation, in women suffering from PCOS and compare these results with BMI and age-matched healthy women. Moreover, we examined whether WBC was correlated with anthropometric, metabolic and hormonal characteristics of the studied subjects in an attempt to investigate the role of low-grade chronic inflammation in the pathogenesis of PCOS.
sUBJecTs ANd MeTHods

Subjects
Two hundred and three (203) Greek Caucasian women with PCOS were recruited at the Eugenideio PCOS Clinic, University of Athens. All these women visited the PCOS Clinic complaining of menstrual abnormalities, hirsutism, acne and infertility.
Each patient with PCOS met the diagnostic criteria for PCOS based on the NIH criteria. Hyperandrogenemia was assessed as total testosterone levels above the 95th percentile of the levels detected in a group of normal menstruating women with normal cycles and, clinically, by the presence of hirsutism (Ferriman-Gallwey score >8) and acne. Chronic in the group of insulin-resistant women (HoMA-Ir >2). coNclUsIoNs: chronic low-grade inflammation and increased white cell count do occur in Pcos. obesity and insulin resistance are the two leading parameters that act accumulatively in the development of leucocytosis, whereas hyperandrogenism does not seem to affect it.
Key words: Inflammation, Insulin resistance, Obesity, Polycystic ovary syndrome, White blood cells anovulation was assessed as oligomenorrhoea, i.e. less than eight cycles per year. Other hyperandrogenemic conditions, such as Cushing syndrome, late-onset 21-hydroxylase deficiency, androgen-secreting tumors and congenital adrenal hyperplasia, were ruled out. The Synacthene test was conducted in each woman with a basal 17-hydroxyprogesterone (17-OHP) plasma level >1.5 ng/ml in the follicular phase of the menstrual cycle. In addition, seventy-six (76) age-matched, normoandrogenemic, regularly-menstruating women served as controls. The entire enrolled population was clinically healthy and not suffering from chronic or acute inflammatory diseases. They all had normal renal, hepatic and thyroid function and prolactin was within normal limits.
Among exclusion criteria were pregnancy, breastfeeding, known diabetes mellitus, hypertension or cardiovascular disease and intense physical activity. Oral contraceptives or other drugs that could interfere with the hormonal and metabolic studies, if administered, were discontinued for at least 3 months before the study. None of the patients had been on metformin therapy for more than six months before enrollment in the study. 23 Regarding smoking, only 20 patients with PCOS smoked occasionally and they were asked to abstain from smoking during the study. Ovarian morphology was assessed in all subjects by transvaginal ultrasound and the Adams criteria were used to define it. 24 Women with abnormal ovarian morphology in the control group were also excluded.
The study was approved by the Ethical Committee of the Medical School of the University of Athens and signed consent was obtained from all subjects after explanation of the nature and purpose of the study.
Assays
Body weight and height were measured. Body weight was measured using analogue scales, in light clothing, while height was measured barefoot using a stadiometer. Body mass index (BMI) was calculated to assess obesity. In order to evaluate insulin resistance, the homeostasis model assessment (HOMA) score was also calculated using the formula: fasting insulin (mIU/mL) x fasting glucose (mmol/L)/22.5. Finally, the free androgen index (FAI) was calculated by the formula: testosterone (nmol/L)/SHBG (nmol/l) x100.
Blood samples were collected from all patients and healthy controls between 08.00 and 10.00 am, after an overnight fast. All samples were obtained during the early follicular phase of their menstrual cycle or at any time in anovulatory subjects with progesterone levels <5 ng/ml. Samples were centrifuged immediately and serum was stored at -80 °C until assayed for glucose (GLU), insulin (INS), total testosterone (TT), sex hormone-binding globulin (SHBG), androstenedione (D4A), luteinizing hormone (LH), follicle stimulating hormone (FSH), 17-OHP, dehydroepiandrosterone sulfate (DHEA-S), E2, total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides (TGL), white blood count (WBC), alkaline phosphatase (ALP), serum glutamic oxaloacetic transaminase (SGOT), serum glutamic-pyruvic transaminase (SGPT).
Transvaginal ultrasound scans of the ovaries were performed during the follicular phase for ovulatory subjects and during the study period for the anovulatory subjects, confirmed with progesterone levels <5 ng/ml as previously described. The Adams criteria were applied to define them.
Statistics
The statistical analysis was performed using Statistical Package for Social Sciences (SPSS) version 20 (SPSS, Chicago, IL, USA). P<0.05 was considered to represent statistical significance. Continuous variables were assessed for normal distribution both graphically and by the Kolmogorov-Smirnov test. variables with asymmetric distribution were analyzed by nonparametric statistical tests. Differences among continuous variables between the two groups were evaluated using the independent sample, two-tailed T-Test. Correlation between variables was evaluated by both Pearson's and Spearman's coefficients.
Stepwise, partial correlation analyses controlling for BMI and age were also evaluated. Correlation between the variables was also assessed after adjusting all the laboratory and anthropometrical parameters for BMI. Multiple linear regression analysis was performed in the total population, setting white blood count as the independent variable. Finally, classifications based on BMI and HOMA score were conducted in order to assess more effectively these confounding factors. In the total cohort (N=279), white blood count (WBC) was significantly higher (p=0.003) in the PCOS group compared with age-matched healthy women. In addition, WBC was positively correlated with BMI (r=0.461, p<0.001), total testosterone (r= 0.210, p<0.001), insulin (r=0.271, p<0.001), triglycerides (r=0.285, p<0.001), HOMA score (r=0.206, p=0.001), FAI (r=0.329, p<0.001) and negatively correlated with SHBG (r=-0.300, p<0.001) and HDL (r=-0.222, p<0.001). After controlling for BMI and age, WBC was significantly correlated only with SHBG (r= -0.150, p=0.017) and triglycerides (r= 0.193, p=0.002). Multiple regression analysis was carried out in the entire sample and data exhibited that BMI, TGL and SHBG were predictors of WBC (multicollinearity was not documented), but after adjusting for age, BMI and HOMA score, the statistically significant correlation was lost (Results not shown in the text).
It is widely acknowledged that abdominal obesity plays a unique role in the pathogenesis of low-grade inflammation. It is independently associated with insulin resistance and, therefore, subclinical inflammation. 25, 26 In our study, due to the fact that WHR was available only in the group of PCOS women, the role of central adiposity is assessed solely in this group. WBC correlated statistically significantly with WHR (r=0,318, p<0.001) in PCOS women. In addition, multiple regression analysis in the PCOS group, including WHR, revealed BMI, SHBG and TGL as the main predicting factors of WBC. (Results are not presented). However, after adjusting for BMI, HOMA score and WHR, the correlations were lost and only TGL was statistically significantly (r=0.186, p=0.017) correlated with WBC. Finally, multinomial logistic regression analysis in the group of PCOS women was conducted. Overweight/obesity was the only independent risk factor for elevated WBC (higher tertile) (OR:0.907 CI:0.85-0.96, p=0.002).
In order to eliminate the confounding effect of BMI, the anthropometric and laboratory data of both groups were adjusted for BMI. WBC was significantly higher in the PCOS group even after the adjustment and was still correlated with SHBG (P=0.017), triglycerides (P=0.002) and marginally with FAI (P=0.061) ( Table 2 ).
Subsequently, after dividing the whole sample into two groups, based on BMI (Lean: BMI <25 kg/m 2 and Overweight/obese: BMI ≥25 kg/m 2 ), we focused our analysis on the lean population (both controls and women with PCOS) in order to investigate WBC in normal-weight, non-insulin-resistant women and assess the role of obesity in subclinical inflammation (Table 3 ). In the lean subgroups, WBC did not differ which includes, apart from the hormonal dysfunction, metabolic aberrations. It has even been suggested that PCOS represents a female subtype of metabolic syndrome, carrying a potential proatherogenic load. 27 Although the pathogenesis of the syndrome has not yet been clarified, low-grade inflammation is gradually being established as a pathogenetic factor.
There are a plethora of relevant papers in the literature regarding the role of WBC in the pathogenesis of PCOS. WBC was ubiquitously demonstrated to be elevated in women suffering from PCOS, in comparison with normal, healthy women. The crucial question that remains to be answered is if this leucocytosis is an innate characteristic of the syndrome or an aftermath of its metabolic aspects. 15, 28, 29 In our cohort of 203 women with PCOS (NIH Criteria) and 76 healthy, age-matched women, WBC was significantly correlated with BMI and various markers of insulin resistance. In addition to the above results, which demonstrate the catalytic role of BMI in low-grade inflammation, BMI was seen to be one of the main predicting factors of WBC when we applied multiple regression analysis in the whole sample. Another important predictive factor of WBC that was shown in multiple regression analysis was SHBG, which is commonly known to be a predictive marker not only for insulin resistance but also for diabetes type II and hypertension. 30, 31 The above results are in concordhand, in the subcategory of obese women with PCOS, the two groups that originate from HOMA classification were BMI-matched and WHR-matched, but not age-matched. WBC was significantly (p=0.02) higher in the group of insulin-resistant women (HOMA-IR>2). Meanwhile, WBC was positively correlated with BMI (R=0.354, p=0.002) and triglycerides (R=0.218, p=0.04) and marginally negatively correlated with HDL (R=-0.222, p=0.058).
To summarize, Figure 1 illustrates very clearly the variance of WBC in the different subgroups that we studied, depicting in a very comprehensive way the effect of the two catalytic factors, BMI and insulin resistance on WBC and low-grade inflammation in general.
dIscUssIoN
These data clearly suggest that chronic, low-grade inflammation and, particularly, elevated white blood count do occur in PCOS. More specifically, women with PCOS had statistically significantly higher WBC in comparison with their normal-ovulating, nonhyperandrogenic, age-matched peers, mainly as a result of the synergistic effect of obesity and insulin resistance and not due to PCOS per se.
PCOS is one of the most common reproductive disorders, with a heterogeneous clinical profile, ance with the majority of the current literature, which reveals obesity and insulin resistance as the main factors responsible for the elevation of WBC in PCOS. More specifically, BMI and the HOMA score appear to be the most important predicting factors of white cell count in women with PCOS. 15, 32, 33 As a result, insulin resistance is highlighted as the main culprit of elevated WBC in PCOS, which is also supported by the fact that metformin was shown to reduce WBC after a 6-month administration. 23 By contrast, in our study androgens, FAI and PCOS status failed to display any statistically significant correlation with WBC. What is more, PCOS status failed to predict WBC in the whole population, after adjusting for age, BMI and HOMA score. The above results in conjunction with the fact that WBC did not differ significantly between PCOS and controls, when only lean subjects were included, led us to the conclusion that hyperandrogenemia is excluded from the equation of leucocytosis. In contrast to our results, Phelan et al. showed that although low grade inflammation in women with PCOS was closely related to insulin resistance, WBC was elevated in women with PCOS, even when insulin resistance was adjusted, suggesting that leucocytosis is an innate characteristic of PCOS. 13 It is widely acknowledged that obesity and insulin resistance are closely linked to low-grade inflammation. Thus, in order to evaluate the contribution of these fundamental factors to the inflammatory state observed in PCOS, we examined each one of them separately.
Firstly, after adjusting the whole sample for BMI, we observed that WBC remained higher in women suffering from PCOS and WBC was still correlated significantly with SHBG, triglycerides and marginally with FAI. Moreover, we dichotomized our sample into two groups based on BMI in order to focus our analysis in the lean (BMI <25 kg/m 2 ), non-insulin resistant population. In this subgroup, WBC did not differ significantly between women with PCOS and age-matched controls. The above outcomes underscore the fact that in the absence of obesity and insulin resistance, WBC displays no variance between healthy women and women with PCOS. As a result, elevated WBC cannot be attributed to PCOS per se.
Secondly, in order to assess further and more deeply the role of insulin resistance and its interaction with obesity, we conducted another classification separately in the group of overweight (25<BMI ≤30 kg/ m 2 ) and obese (BMI ≥30 kg/m 2 ) women with PCOS, based on the HOMA score. WBC was significantly higher in the group of obese insulin-resistant women (HOMA-IR>2) with PCOS. All these data lead to the conclusion that obesity and insulin resistance act synergistically in the induction of low-grade inflammation, a fact that is depicted clearly in the histogram provided below (Figure 1 ).
Another issue worth mentioning is the strong association of elevated triglycerides and low HDL levels with increased WBC before and after adjusting for BMI, a fact that is also demonstrated in in vitro models, which reveal novel triglyceride-mediated activation of neutrophils. 34 Finally, it was surprising to find that fasting glucose plasma levels, as well as markers of hepatic function (SGOT, SGPT) were statistically significantly higher in controls. The exact reverse effect was expected, as impaired glucose homeostasis and non-alcoholic fatty liver disease are metabolic sequelae of PCOS.
Major limitations of the study
Among the major limitations of our study was that the role of central fat accumulation in low grade inflammation was not clearly evaluated. It is widely known that central fat excess is strongly associated with an increase in inflammatory markers and may be involved in the generation of chronic inflammation. 35 Furthermore, Puder et al. demonstrated that central fat excess, rather than PCOS per se, is the main cause of subclinical inflammation in women with PCOS. 33 Unfortunately, WHR was available only in the women suffering from PCOS. The absence of analogous measurements in the group of controls was a substantial obstacle in our effort to obtain a deeper understanding of the role of abdominal adiposity in low-grade inflammation. In addition, no other inflammatory markers (e.g. CRP, ESR, Fibrinogen) were measured. Finally, another limitation of our study is that the exercise intensity was not evaluated in our population, as exercise attenuates insulin resistance and improves inflammatory pattern in women with PCOS.
In conclusion, WBC, which is a potent predictor of cardiovascular disease, is elevated in women with PCOS. Obesity and insulin resistance, and not PCOS per se, seem to play the key role in this inflammatory state. These two leading parameters act accumulatively in the development of leucocytosis. However, further investigation is required in order to elucidate the mechanisms linking PCOS with inflammation and the possible clinical implications of these findings. In addition, long-term investigation is necessary so as to assess the role of low-grade, chronic inflammation as a potential predictive marker of increased risk for cardiovascular disease in women suffering from PCOS.
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